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(54) MANUFACTURE OF MOLD, AND OPTICAL ELEMENT MANUFACTURED THEREBY 

(57)Abstract: FKF2<F2 
PROBLEM TO BE SOLVED: To form a dent having 
desired shape by pressing an indenter on the mold 
matrix surface over several times on the same position 
during formation of the dent. 
SOLUTION: The surface of a mold matrix (cavity 
surface) comprising a martensitic stainless steel is 
subject to a metal polishing process so as to form the 
cavity surface of the mold matrix in the mirror surface. 
Firstly, an indenter 1 is pressed on the cavity surface at 
a pressing force F1. After the dent is formed on the full 
surface of the cavity surface at the pressing force F1, the 
indenter 1 is then pressed on the formed dent at the 
pressing force F2 larger than F1. Further, the indenter 1 
is pressed on the formed dent at the force larger than the 
pressing force F2. The pressing force is gradually increased and pressed over several times, 
which controls the lateral shift of materials 2a which are the adjacent boundaries of the bent of 
the mold matrix 2 and forms the dent precisely, so as to obtain a mold with good transfer rate. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical element manufactured with the manufacture 

approach of metal mold, and this metal mold. 

[0002] 

[Description of the Prior Art] Conventionally, a micro optical element is used for an optical 
communication link as a simple substance, and is used for a condensing plate, a diffusion plate, etc. of 
an optical instrument as an array which carried out the a large number array. There are a convex lens, a 
concave lens, a reflecting mirror, etc. in such a micro optical element. There is a method of 
manufacturing resin injection molding and by pressing using the metal mold with which the reversal 
configuration of the optical element of the request as an approach which manufactures the above- 
mentioned micro optical element is formed in the front face. 

[0003] And in order to fabricate the reversal configuration of a micro optical element on a metal mold 
front face, the indentation method indicated by the publication-number No. 327860 [ nine to ] official 
report can be used. The equipment which uses this approach consists of the moving coil equipment, X-Y 
stages, and control units which hold an indenter and are pressed to a metal mold base material. Moving 
coil equipment and an X-Y stage are electrically controlled by the control unit, and form the reversal 
configuration of a micro optical element array in a metal mold front face by moving a metal mold base 
material in the level surface with the repeat of the upper and lower sides of an indenter. In order to form 
an indentation with the sufficient rate of an imprint in that case, when pushing time amount of an 
indenter was lengthened, the indentation configuration next to each other formed before that collapsed, 
and there was a problem that a micro optical element array with a sufficient configuration precision was 
not obtained. That is, if press of an indenter is advanced one by one on the metal mold base material, it 
deforms by horizontal migration of the ingredient of the boundary of the metal mold base material by 
press of an indenter at the time of formation of the following concave surface configuration where the 
formed concave surface configuration adjoins, and a desired configuration cannot be acquired at it. 
[0004] 

[The technical problem which invention considers as a solution activity] Then, this invention aims at 
offering the optical element fabricated using this metal mold to the manufacture approach of the metal 
mold which forms the indentation of a desired configuration. 
[0005] 

[Means for Solving the Problem] In this invention, in the manufacture approach of the metal mold which 
presses an indenter on the front face of a metal mold base material, and fabricates two or more 
indentations, in case said indentation is fabricated, said indenter is pressed on said metal mold base 
material front face over several times in the same location. The count which stuffs the count indenter of 
plurality into forming one indentation preferably is experimentally decided in consideration of the 
magnitude of the indentation to need, as a result the optical element to need. It is good to enlarge for 
every count as pushing force of an indenter. namely, if the 1st pushing force is set to Fl and the n-th 
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time is set to Fn - Fl - < - F2 - < - ... Relation called <Fn is good. Thus, by adjusting the pushing 
force, the indentation of a desired configuration can be formed and the rate of an imprint becomes good 
[0006] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained based 
on an accompanying drawing, micro optical element array manufacture according [ drawing 1 ] to this 
invention — public funds — it is drawing explaining the production process of a mold. Moreover, the 
perspective view showing roughly the configuration of indenter press equipment for drawing 2 to form 
many indentations in the front face of a metal mold base material and drawing 3 are the sectional views 
for explaining the configuration of the moving coil equipment which is some indenter press equipments 
of drawing 2 . 

[0007] With the gestalt of this operation, on the occasion of manufacture of a micro optical element 
array molding die, metal polish processing is performed to the front face (henceforth [ it is the front face 
which should turn into a cavity side, and ] a "cavity side") of the metal mold base material which 
consists of martensitic stainless steel, and the cavity side of a metal mold base material is formed in the 
shape of a mirror plane. Such a metal mold base material '2 is shown in drawing 1 . First, an indenter 1 is 
pressed to a cavity side by the thrust of Fl (a). After fabricating an indentation by thrust Fl all over a 
cavity side, an indenter 1 is pressed on the indentation already fabricated by the bigger thrust F2 than Fl 
(b). Subsequently, an indenter 1 is pressed on the indentation already fabricated by the still bigger force 
F3 than thrust F2 (c). Thus, by increasing thrust gradually and pressing over several times, it can 
suppress that ingredient 2a of the boundary of an indentation where the metal mold base material 2 
adjoins carries out horizontal migration, an indentation can be formed with a sufficient precision, and 
metal mold with the sufficient rate of an imprint can be made. 

[0008] Next, many indentations are formed in the front face of a metal mold base material by the 
indentation method using the indenter press equipment shown in drawing 2 . Hereafter, the indentation 
processing approach to the cavity side of a micro optical element array molding die is explained, 
referring to the configuration and actuation of drawing 2 of indenter press equipment. The press 
equipment shown in drawing 2 is equipped with X-Y stage 4 for holding the metal mold base material 2 
by the fixed approaches, such as the fixed approach of a mechanical cable type, or adhesion. The cavity 
side of the metal mold base material 2 with which metal polish processing was already performed on 
this X-Y stage 4 is held at a level with XY flat surface. Motor 5X for driving X-Y stage 4 in the 
direction of X and motor 5Y for driving X-Y stage 4 in the direction of Y are prepared in X-Y stage 4. 
Motor 5X and motor 5Y is constituted so that it may be controlled by the stage actuation circuit 20 
based on the command from a computer 20. 

[0009] Moreover, digital micrometer 6X for detecting the direction location of X of X-Y stage 4 and 
digital micrometer 6Y for detecting the direction location of Y of X-Y stage 4 are prepared in X-Y stage 
4. The output of the digital micrometers 6X and 6Y is constituted so that the stage movement magnitude 
detecting circuit 21 may be supplied. 

[0010] Therefore, X-Y stage 4 is movable two-dimensional in XY flat surface by actuation with motor 
5X and motor 5Y which are controlled by the stage actuation circuit 20. Moreover, the amount of X 
directional movements and the amount of Y directional movements of the positional information 4 in 
XY flat surface of X-Y stage 4, i.e., an X-Y stage, are detected by the stage movement magnitude 
detector 21 based on the output of the digital micrometers 6X and 6Y. 
[001 1] Furthermore, the indenter press equipment shown in drawing 2 is equipped with the 
MUBINGUKOI equipment 3 fixed to the base material 7. The sectional view of moving coil equipment 
3 is shown and explained in full detail to drawing 3 . The indenter 1 to which the amount of point 
carried out the cone is attached in the shaft 1 1 of moving coil equipment 3. 33 is the permanent magnet 
of the shape of a cylinder established so that it might extrapolate at a shaft 11, and is being fixed to the 
base plate 32. 35 is attached in a shaft 1 1, and as extrapolated to a permanent magnet, it is the coil 
housing prepared like, and the coil 36 twisted it annularly and it shines. 37 is the annular permanent 
magnet prepared so that it might extrapolate in a coil 14, and is being fixed to the base plate 34. 
[0012] 30 and 31 are flat springs and the end face of a flat spring 30 is being fixed to the block 38 fixed 
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to the base plate 32 with presser-foot plate 38a and a bolt. The head of a flat spring 30 is connected with 
the shaft 1 1 with the connection ring 39 which is united with the shaft 1 1 . On the other hand, it connects 
with the base plate 34 like [ a flat spring 3 1 ] the flat spring 30 at immobilization and a shaft 1 1 . 
therefore, the shaft 1 1 - flat springs 30 and 3 1 a vertical line top - a round trip elastic support is 
carried out movable. 

[0013] a permanent magnet 37 - the lower part - on the other hand, as for a permanent magnet 33, the 
lower part is magnetized by N pole, N pole and the upper part are magnetized for the south pole and the 
upper part by the south pole, and the sense of the line of magnetic force in the medial axis of a shaft 1 1 
is a vertical lower part. Here, if a current is given so that the line of magnetic force generated with a coil 
36 may serve as vertical facing down by the medial axis of a shaft 1 1, the force of vertical facing down 
will work to a coil 36, and a shaft 1 1 will move to a vertical lower part. On the other hand, if the current 
of the reverse sense is given to a coil 36, the force of the vertical upper part will work and a shaft 1 1 will 
move to the vertical upper part. The moving coil actuation circuit 22 has the adjustable pulse current 
generator, and can move an indenter 1 up and down at high speed by outputting the current of the shape 
of a pulse shape from which a polarity changes periodically to a coil 36. Besides, the period of 
downward moving can be set to 0.1-50Hz. In addition, an up-and-down stroke is about 50 micrometers. 
Moreover, the pressure of the indenter 1 to the cavity side of the metal mold base material 2 is 
changeable by changing the magnitude of the current supplied to a coil 36. 

[0014] Therefore, in the indenter press equipment of drawing 3 , with the moving coil driving gear 22, if 
the shaft 1 1 of moving coil equipment 3 is pulled, the diamond indenter 1 can be moved to + Z 
direction, and the point of the diamond indenter 1 can be pressed by the predetermined pressure in the 
predetermined location of the cavity side of the metal mold base material 2 held on X-Y stage 4. 
Consequently, the indentation which has a configuration corresponding to the point of the diamond 
indenter 1 is formed in the cavity side of the metal mold base material 2. This indentation formation 
process covers the number and same number time of a micro optical element which constitute the micro 
optical element array which should be fabricated, and is repeated. 

[0015] Therefore, in this example, a computer 23 outputs the command whose moving coil actuation 
circuit 22 outputs the electrical potential difference of thrust 1.8 V of the 1st diamond indenter 1 to the 
moving coil actuation circuit 22 while outputting a command signal to the stage actuation circuit 22 so 
that X-Y stage 4 may be moved to the indentation starting position programmed beforehand. If the 
output and indentation starting position of the moving coil actuation circuit 22 of the stage location 
detecting circuit 21 correspond, it will strike the diamond indenter 1 against the cavity side of the metal 
mold base material 2 on the electrical potential difference of thrust 1 8V based on the command from a 
computer 23. A computer 23 moves X-Y stage 4 two-dimensional by the stage actuation circuit 20. The 
stage movement magnitude detecting circuit 21 inputs the signal according to the location of X-Y stage 
4 into the moving coil actuation circuit 22. Whenever the position signal of the moving coil actuation 
circuit 22 of X-Y stage 4 from the location command from a computer 23 and the stage movement 
magnitude detecting circuit 21 corresponds, it is driver voltage 1.8V of a coil 36, carries out both-way 
migration of the diamond indenter 1 periodically to a Z direction, and fabricates an indentation one by 
one to the cavity side of the metal mold base material 2. The number of the indentations fabricated by 
the cavity side of a metal mold base material becomes about 2,200,000 pieces in the range of 
25mmx35mm. 

[0016] Thus, a computer 23 moves X-Y stage 4 through the stage actuation circuit 20 so that X-Y stage 
4 may return to an indentation starting position after the 1st performed processing termination. And a 
computer 23 controls the stage actuation circuit 20 and the moving coil actuation circuit 22 to fabricate 
the 2nd indentation one by one on the 1st indentation. The driver voltage of the diamond indenter 1 
which a computer 23 orders it to the moving coil actuation circuit 22 at the time of the 2nd indentation 
shaping is 2.4V. And indentation processing of the count of said is performed to the 1st homotype 
enclosure. After the 2nd indentation shaping finishes, the 3rd electrical potential difference of thrust 
3.2V is impressed to a coil 36 for X-Y stage 4 from return and the moving coil actuation circuit 22 to the 
same indentation starting position as the 1st time (the same is said of the 2nd time), and indentation 
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processing of the count of said is performed to the 1st time and the 2nd homotype enclosure. Three 
indentation processings were performed to the range of 25mmx35mm of the cavity side of the metal 
mold base material 2, and the indentation with the sufficient rate of an imprint was formed, in addition, 
the electrical potential difference to which moving coil equipment gives the pushing force F of an 
indenter 1 to a moving coil ~ depending - ****-- VI -- < - V2 - < - ... <Vn - electrical potential 
differences VI and V2 and ... the pushing force Fl and F2 when giving Vn, and ... Fn - Fl - < - F2 - 
< ... It is set to <Fn. And although it is desirable to strengthen thrust one by one, this invention is not 
necessarily restricted to this. 

[0017] With the gestalt of this operation, the micro-lens array which has arranged many convex lenses 
as a micro optical element was manufactured by injection molding using the micro optical element array 
molding die and acrylic resin which were manufactured according to the above-mentioned process. In 
addition, by the manufacture approach concerning this invention, not the thing limited to said moving 
coil equipment but a piezo-electric element etc. may be used as a press means of an indenter. Moreover, 
one indentation is pushed in, and after the gestalt of the above-mentioned implementation changes and 
strikes the force, you may make it strike the following indentation, although other pushing force struck 
the indentation further after the 1 st pushing force struck the indentation. 

[0018] Although the example which manufactures a micro-lens array was furthermore raised with the 
gestalt of the above-mentioned implementation, it is applicable to the general metal mold which 
fabricates an indentation. 
[0019] 

[Effect of the Invention] As mentioned above, according to this invention, an indentation configuration 
next to each other does not collapse, but the metal mold which fabricated the indentation with a 
sufficient configuration can be manufactured easily and promptly. Moreover, an optical element with the 
sufficient rate of an imprint can be obtained by using the metal mold fabricated in this way. 

[Translation done.] 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, according to this invention, an indentation configuration 
next to each other does not collapse, but the metal mold which fabricated the indentation with a 
sufficient configuration can be manufactured easily and promptly. Moreover, an optical element with the 
sufficient rate of an imprint can be obtained by using the metal mold fabricated in this way. 



[Translation done.] 
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